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Abstract 
Enrollment forecasting is an essential element in budgeting, resource allocation, and the overall planning for the 
growth of education sector. This paper demonstrates the use of Markov chain techniques in studying progression 
of secondary school students from the time of entry/enrollment in form one to graduation after the expected four 
years in Kenya’s secondary school level of education. The target population included all the secondary school 
students in Kisii Central District. The model was used to determine the district’s secondary school 
completion/dropout rate, retention rate and the expected duration of schooling by sex. It was established that 
completion rates for male students was higher than that of female students and dropout rates for female students 
was higher than that of male students. In the long run, it was established that the completion and dropout rates 
were the absorbing rates. Female students had lower expectation of schooling compared to male students in Kisii 
Central District. The model is only appropriate in making short period projections. 
Keywords: Absorbing States, Absorbing Markov Chain, Transition Rates, Dropout Rates, Completion Rates, 
Fundamental Matrix 
 
1. Introduction 
Education is widely valued as a central factor in economic, social, and political development of any country. 
Secondary school education provides a vital link between basic education and further training in tertiary level of 
education on one hand, and the future world of work, on the other. It is therefore an important sub-sector of 
education in the preparation of human capital for development and provision of life opportunities. For quality 
and equality in education to be realized, an understanding of the secondary school student enrollment trend, 
completion rates, dropout rates, retention rates per class and the expected duration of schooling by sex is needed 
for planning and proper decision making.  
 
The Markov chain model has been widely used in different fields including education. Mostly it has been applied 
in a single school, a university or a college but little has been done in applying it to a region or a group of 
schools. Also the model has not been applied in secondary school level of education. This study therefore, sought 
to apply the Markov Chain Model to study progress of secondary school students by sex in Kisii Central District, 
Kisii County, Kenya.  
Education system is comparable to a hierarchical organization in which after an academic year, three possibilities 
arise in the new status of the students; The student may move to the next higher class, May repeat the same class, 
or may leave the system successfully as graduate or dropout of the system before attaining the maximum 
qualification (Musiga, Owino and Weke, 2010 and 2011).  
In this study, a secondary school system is mo deled using the Markov chain approach in which proportions of 
students who leave the system either successfully or dropout of the system re separately grouped into double 
absorbing states. States of the education system were partitioned into two categories; non-absorbing (transient) 
states which corresponded to the various classes within the education system and absorbing states which also 
corresponded to the group of all successful graduates, repeaters and dropouts. Thus students enter permanent 
states; absorbing states, either as graduates or dropouts. This research sought to establish secondary school 
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retention rates, completion rates, dropout rates, expected duration of schooling by sex in Kisii Central District for 
the purpose of gaining greater insight into areas where the same might be improved. On the basis of the data that 
was obtained from Kisii Central District, the progress of students from class to class and total enrollment at a 
given time in secondary school education system was modeled. 
The model established will help the stakeholders in the distribution of resources to secondary schools when year 
of study is put into consideration and, planning and budgeting for the expected future enrollment for quality and 
equality in education. Equally the model will be used to predict number of dropouts by sex at each class of study 
which will assist interested parties to make informed decision about secondary education management in view to 
curb dropouts and reducing the gender disparity in secondary schools. Also, since the initiation of FSE, there is 
need too to analyze what is currently being financed and what the future needs will be in the country using the 
case of Kisii Central District secondary school enrollment data. 
1.1 Objectives of the Study 
This study was guided by the following objectives; 
1. To establish the secondary school completion rate by sex in Kisii Central District by use of Markov 
chain Model. 
2. To determine the expected duration of schooling by sex in Kisii Central District by use of Markov chain 
Model. 
3. To determine the dropout rate by sex in Kisii Central District by use of Markov chain Model. 
4. To determine secondary school retention rates by sex in Kisii Central District by use of Markov Chain 
Model. 
5. To demonstrate the use of Markov Chain model in enrollment projection in Kisii Central district. 
1.2 Assumptions of the Study 
The following assumptions are taken into consideration for the model to be appropriate; 
 The study population (Kisii Central District, student’s enrollment) is assumed closed i.e. there is no 
immigration and out migration of students with the neighboring districts. 
 Admissions takes place only in form one. 
 Dropouts are assumed to be uniformly distributed in the period (x; x + 1), x being the year of study. 
 No class repetition. 
 Transition from primary to secondary level of education in Kisii Central district is assumed constant. 
 
2. Literature Review 
Over the years, many techniques have been suggested for forecasting enrollment and students flows at any level 
in education systems. Wing, 1974 classified them into curve fitting, causal models, attitude surveys and 
judgmental techniques. Healey et al, 1978 classified them into the judgmental, Markov process, trend analysis, 
regression, simulation and the ratio techniques. 
A Markov model is a stochastic model (one which models random events) which has been used in diverse fields 
such as computer science, engineering, mathematics, genetics, agriculture economics, education, biology, etc. 
(Hillis, Maguire, Hawkins and Newhouse, 1986 ,  Jain, 1986, Stewart, 1994).  
Markov chains have been widely used to model stochastic processes and to evaluate time to event data. Musiga 
et al., 2010 modeled a hierarchical system with a single absorbing state for an education system where dropouts 
and graduates were grouped together. Later, Musiga et al., 2011, modeled a hierarchical system with double 
absorbing states for an education system, where graduates were separated from dropouts. These two papers form 
the basis for this study. In both, the education system under study is narrowed to one institution but this study 
generalizes to the group of institutions in a district to be specific and takes into consideration sex disaggregation 
of the data.  
Generally, most of these studies are carried out in primary level of study, universities and single institutions of 
learning. Little has been done in modeling progress of a group of students in secondary schools in Kenya using 
Markov chains. 
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3 Model Development 
The Markov model is based on an underlying stochastic process in which a system in one state, say, si moves to a 
subsequent state, say, sj. The states are sometimes referred to as the Current state and the Next state. The act of 
moving from one state to the next is referred to as a step or transition. 
In this study, a Markov chain model with t non-absorbing states; 1, 2…., t corresponding to the classes of the 
education system and r absorbing states corresponding to the various final qualifications was considered. This 
implies that N = t + r, where N is the total number of possible states of the education system. Transition 
probabilities between absorbing states should be represented by one, hence the use of identity matrix. Transition 
from an absorbing state to a non-absorbing state which is impossible, is represented by zero, hence the matrix of 
zeroes. Transition from non-absorbing states to absorbing states are possible, likewise transitions between 
non-absorbing states. 
3.1 Absorbing Markov Chain 
A Markov Chain is absorbing if it has at least one absorbing state and if from every state it is possible to go to an 
absorbing state (not necessarily in one step).In an absorbing Markov Chain, a state which is not absorbing is 
called transient. If we have an absorbing Markov chain with t transient states and r absorbing states, the 
transition probability matrix P, will take the following canonical form; 
 
                  P=[
𝑸 𝑹
𝑶 𝑰
] 
Where; 
Q is a t × t matrix, qij being the probability that a student who is in class i at time (t-1) will be in class j at time t;  
i, j = 1,  2,  3…, t, 
R is a non-zero t × r matrix, rik being the probability that a student in class i at time (t-1) will graduate with final 
education k at time t; i = 1, 2, 3…, t & k = 1, 2,  3…, r; 
O is an r × t zero matrix and, 
I is an r×r identity matrix. 
 
The first t states are transient states and the last r states are absorbing states (Beck and Pauker, 1983).  
The ij
th
 entry, 𝑷𝒊𝒋
𝒏  of the matrix P
n
 gives the probability that the Markov chain, starting in state si will be in state 
sj after n steps by Chapman-Kolmogorov theorem. The canonical form of the matrix P
n
 is given as; 
 
             𝑷𝒏=[
𝑸𝒏 𝑹𝒏
𝟎 𝑰
]  
Where; 
𝑸𝒏 is a t×t matrix which gives the probability that a student who is in class i will be in class j, n years later; i; j = 
1, 2, 3…, t, 
𝑹𝒏 = (I+Q+Q2+……..+Qn-1)R. is a t×r matrix which gives the probability that a student who is in class i will 
graduate with final education k within n years, i = 1, 2…, t; k = 1,  2…, r. It is also called the completion rate, 
O is an r×t matrix of zeros which gives transition probabilities from absorbing states to non absorbing states in n 
steps and, 
I is a r × r identity matrix which gives transition probabilities between absorbing states in n steps. 
Urakabe et al, 1986 and Silverstein et al, 1988 concluded that while the probability matrix summarizes transition 
probability of the cohort, the transient states analysis allows prediction or prognosis for an individual subject, 
given their starting state, current state and cycle. 
3.2 The Fundamental matrix 
For an absorbing Markov chain, the matrix N is called the fundamental matrix where; 
N= (I-Q)
-1
= I+Q+Q
2+…….. (3.1) 
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Where the ij
th
 entry nij of the matrix N is the expected number of times the process is in the transient state sj 
given that it started in the transient state si. 
Hence N gives the average number of cycles that a subject resides in transient states before absorption, given a 
specified starting state. 
The states of the education system were denoted by integers 1, 2, 3,. . . , n at time t= 0, 1, 2,. . . while pij denoted 
the probability that a student in class i at time t-1 will be in class j at time t, then the transition matrix, 
P=((Pij)); i,j= 1, 2, …, N. 
The non-absorbing states(transient states) were four and they were represented by values 1, 2, 3, and 4. This 
implies that the Q component of the transition matrix P is a 4 × 4 matrix. 
The number of absorbing states were two and they were represented by values 5 and 6. 
The absorbing state 5 represents graduation from the system after attaining the maximum qualification and state 
6 represents dropping out of the system before attaining the maximum qualification. Hence the R component of 
matrix P was a 4 × 2 matrix. 
According to (?), the purpose of the transition matrix is to represent the probability of movement between states 
in a single time period. In this case, it was the probability that a student will reach a particular state by the end of 
the year of study. 
3.3 Initial Transition Matrix 
By letting nij(t) to represent the number of students in class i at time (t - 1) who will be in class j at time t and 
ni(t-1), the number of students in class i at time t- 1, and by assuming the multinomial distribution, the initial 
transition probabilities were estimated by; 
Pij= nij(t)/ ni(t-1), where; i; j = 1, 2…, t: 
This was the proportion of students who were in class i at time (t- 1) who ended up being in class j at time t. 
3.4 The n-step Transition Matrix 
The n-step transition probability matrix takes the canonical form below as per Beck and Pauker, 1983 and 
Musiga et al., 2011 and the Kolmogorov theorem; 
 
𝑷𝒏=[
𝑸𝒏 𝑹𝒏
𝟎 𝑰
] 
The solution to this n-step transition matrix gives the state of a student n-steps(years later). The elements of the 
n-step transition probability matrix represents the probabilities that an object in a given state will be in the next 
state n-steps later. 
3.5 Completion rates 
Musiga and Owino in (Musiga et al., 2011) defined the dropout rate from class i, n years later by; 
 
𝑟𝑖𝑘
(𝑛)
 =∑ 𝑞𝑖𝑗
(𝑛−1)
𝑟𝑖𝑘
𝑠
𝑗=1 ,  i; j = 1; 2…, s  
Where 
𝑝𝑖𝑗
(𝑛−1)
 is the probability that a student in class i will be in class j, n- 1 years later and rik is the probability that a 
student in class i at time t - 1 graduates with final education k at time t. It is the (i, k)
th
 element of the product 
𝑸𝒏−𝟏R. 
Therefore the cumulative dropout rate within y years from class i will be given by; 
 
𝑟𝑖𝑘
(𝑦)
 =∑ 𝑟𝑖𝑘
(𝑛)𝑦
𝑛=1    i=1,2,…,t and k=1, 2, …, r. 
Where,  𝑟𝑖𝑘
(𝑦)
 is the (i,k)
th
 element of (I+Q+Q
2+……..+Qy-1)R. 
3.6 Absorbing rates 
Assuming that students will remain in the system indefinitely, then the absorbing rate is given by; 
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𝑟𝑖1
(∞)
 =∑ 𝑟𝑖1
(𝑛)∞
𝑛=1  
         = (I+Q+Q
2+……..)R.   
         = (I-Q)
-1
R 
The solution to this gives the absorbing rate under double absorbing states system. (Uche, 1980 and Musiga et al., 
2011) 
3.7 Retention rates 
According to (Dworkin, 2005), retention rates are of interest not only to learning institutions hopeful of 
maintaining or increasing enrollment, but act as a social economic indicator of well being for the community as a 
whole. It is therefore, considered to be in the best public interest to maintain high retention rates. 
 
4 Model Fitting 
4.1 Initial transition Probabilities 
By letting nij(t)  represent the number of students in class i at time (t - 1) who will be in class j at time t, and 
ni(t-1) to represent the number of students in class i at time (t - 1), and by assuming the multinomial distribution, 
the transition probabilities can be estimated by; 
 
Pij= nij(t)/ ni(t-1), i,j= 1, 2, .., N 
Pij is the proportion of students who are in class i at time (t- 1) who ends up being in class j at time t. 
4.1.1 Important Notations 
Some of the notations used in the subsequent sections are defined below; 
 subscript d represents district 
 subscript m represents male students 
 subscript f represents female students 
Such that Pd =District transition probability matrix, Pm =male students transition probability matrix, and Pf 
=female students transition probability matrix, etc 
4.2 The Initial Transition Probability matrix for Kisii Central District 
From the data obtained from Kisii Central District, students enrollment in Forms 1, 2, 3 and 4 for the year 2011 
and enrollment for the same students in forms 2, 3, and Form 4s who graduated the following year, 2012 were as 
shown in Table I. The dropout proportions before attaining maximum qualification for students who were in 
Forms 1, 2, 3 and 4 were (65/5329)=0.012197, (345=5531) = 0:062376, (199/6180)=0.032201 and 
(265/4550)=0.058242, respectively. The proportion of students who graduated successfully after reaching Form 
4 is given by (4285/4550) = 0.941758. This gives rise to the R component of the matrix P for the district. The Q 
component of the matrix P, whose states are transient states, its elements represent the proportions of students 
who proceeded to Forms 2, 3 and 4 the following year, 2012. The proportions of students who proceeded to 
Forms 2, 3 and 4 in the year 2012 are (5264/5329) = 0.987803, (5186/5531) = 0.937624 and (5981/6180)= 
0.941758 respectively. 
Thus, assuming time homogeneity, the district transition probability matrix P, is; 
 
Pd =
[
 
 
 
 
 
0.000000 0.987803 0.000000
0.000000 0.000000 0.937624
0.000000 0.000000 0.000000
0.000000 0.000000 0.012197
0.000000 0.000000 0.062376
0.967799 0.000000 0.032201
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.941758 0.058242
0.000000 1.000000 0.000000
0.000000 0.000000 1.000000]
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The Q component is; 
 
Qd =[
0.000000 0.987803
0.000000 0.000000
0.000000 0.000000
0.937624 0.000000
0.000000 0.000000
0.000000 0.000000
0.000000 0.967799
0.000000 0.000000
] 
and the R component is; 
 
Rd =[
0.000000 0.012197
0.000000
0.000000
0.941758
0.062376
0.032201
0.058242
] 
 
4.3 The Initial Transition Probability matrix by gender 
Considering the same data by sex, for the male students, the proportions who dropout out before attaining 
maximum qualification in Forms 1, 2, 3 and 4 were (40/2771)=0.014435, (145/2718)=0.053348, 
(88/3018)=0.029158 and (89/1977)=0.045018, respectively. The proportion of male students who graduated 
successfully after reaching Form 4 was (1888/1977) = 0.954982. This gives rise to the R component of the 
matrix P for the male students. The Q component for the transition matrix P, for male students was given by the 
proportions of the male students who proceeded to Forms 2, 3 and 4 in the year 2012. They were given as 
(2731/2771)=0.985565, (2573/2718)=0.946652 and (2930/3018)=0.970842 respectively. 
Thus, the transition probability matrix P for male students, with the double absorbing states, assuming time 
homogeneity is; 
 
Pm =
[
 
 
 
 
 
0.000000 0.985565 0.000000
0.000000 0.000000 0.946652
0.000000 0.000000 0.000000
0.000000 0.000000 0.014435
0.000000 0.000000 0.053348
0.970842 0.000000 0.029158
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.954982 0.045018
0.000000 1.000000 0.000000
0.000000 0.000000 1.000000]
 
 
 
 
 
 
The Q component for the male students is; 
 
Qm =[
0.000000 0.985565
0.000000 0.000000
0.000000 0.000000
0.946652 0.000000
0.000000 0.000000
0.000000 0.000000
0.000000 0.970842
0.000000 0.000000
] 
and the R component is; 
 
Rm =[
0.000000 0.014435
0.000000
0.000000
0.954982
0.053348
0.029158
0.045018
] 
Similarly, the transition probability matrix P for female students, with the double absorbing states, assuming time 
homogeneity is; 
Pf =
[
 
 
 
 
 
0.000000 0.990227 0.000000
0.000000 0.000000 0.928902
0.000000 0.000000 0.000000
0.000000 0.000000 0.009773
0.000000 0.000000 0.071098
0.964896 0.000000 0.035104
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.931597 0.068403
0.000000 1.000000 0.000000
0.000000 0.000000 1.000000]
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Its Q component is; 
Qf =[
0.000000 0.990227
0.000000 0.000000
0.000000 0.000000
0.928902 0.000000
0.000000 0.000000
0.000000 0.000000
0.000000 0.964896
0.000000 0.000000
] 
 
and the R component is; 
Rf =[
0.000000 0.009773
0.000000
0.000000
0.931597
0.071098
0.035104
0.068403
] 
4.4 Completion rates 
Students in Form 4 were grouped into those who dropped out of the system before attaining the maximum 
qualification and those who actually graduated from the system. The completion rate is the (i, k)
th
  element of (I 
+ Q + Q
2
 + … + Q(x-1))R: 
Within one year i.e. in the year 2013, the district completion rate will be given by;  
 
(1+Qd)Rd= [
0.000000 0.073812
0.000000
0.911432
0.941758
0.092568
0.088568
0.058242
] 
Within two years it will be; 
(I+Qd+Qd
2
)Rd=[
0.000000 0.103636
0.854581
0.911432
0.941758
0.145419
0.088568
0.058242
] 
In summary the completion rates within x years using the absorbing states model is as in Table II in the 
Appendices. From Table II, it is clear that by 2013, 7.3812% of the students who were in Form 1 in the year 
2011 had dropped out of the system before attaining the maximum qualification. By the year 2015, 84.4158% of 
the students who were in Form 1 in the year 2011 are expected to graduate from the system. At the same time a 
maximum of 15.5842% of the same students will drop out of the system without attaining the maximum 
qualification. Also for the students in Form 2, 85.4581% of the students are expected to graduate from the system 
after attaining maximum qualification by the year 2014. For those in Form 3, 91.1432% of the students are 
expected to successfully graduate from the system by the year 2013. 
4.5 Completion rates by sex 
In addition to the above analysis, the results were further disaggregated by sex. The students were grouped into 
those who dropped out of the system before attaining the maximum qualification and those who actually 
graduated from the system by gender. The completion rate is the (i, k)
th 
element of (I + Q + Q
2
 + … + Q(x-1))R: 
in both cases. Within one year i.e. in the year 2013, the completion rate for female will be given by; 
 
(I + Qf )Rf =[
0.000000 0.080176
0.000000
0.898894
0.931597
0.103706
0.101106
0.068403
] 
While that for male students will be; 
(I + Qm)Rm = [
0.000000 0.067013
0.000000
0.927137
0.954982
0.080950
0.072863
0.045018
] 
In summary, the completion rates for female and male students within x years using a double absorbing states 
model is as in Tables III and IV in the Appendices respectively; From Table III we can clearly see that by the 
year 2013, 8.0176% of female students who were in Form 1 in the year 2011 had dropped out of the system 
before attaining the maximum qualification and 82.6824% of the same students are expected to graduate from 
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the system successfully by the year 2015. For the female students who were in Form 2 in the year 2011, a 
maximum of 83.4985% are expected to graduate successfully from the system and a maximum of 16.5015% are 
expected to drop out before completing their secondary education successfully by the year 2014. Also, for those 
who were in Form 3, a maximum of 89.8894% are expected to graduate while 10.1106% are expected to drop. 
Finally for those who were in Form 4, 93.1597% graduated successfully while 6.8403% dropped. 
Table IV in the Appendices, indicates that 6.7013% of the male students who were in Form 1 in the year 2011 
dropped out of the system by 2013 compared to 8.0176% of their female classmates in the same period. By the 
year 2015, 86.5007% of the male students who were in Form 1 the year 2011 are expected to graduate from the 
system. At the same time a maximum of 13.4993% of the same male students will drop out of the system without 
attaining the maximum qualification compared to 17.3176% of the female students in the same class. Also for 
the students in Form 2, 87.7676% of male students are expected to graduate from the system after attaining 
maximum qualification by the year 2014. For those in Form 3, 92.7137% of male students are expected to 
successfully graduate from the system by the year 2013. 
4.6 The expected duration of study 
Here we consider the fundamental matrix N. The matrix gives the number of cycles that a subject resides in 
transient states before absorption, given a specified starting state. The fundamental matrix N is given as; 
N = I + Q + Q
2
 + … = (I-Q)-1 
To compute N for the district, we first get the matrix; 
I - Qd =[
1.000000 −0.987803
0.000000 1.000000
0.000000 0.000000
−0.937624 0.000000
0.000000 0.000000
0.000000 0.000000
1.000000 −0.967799
0.000000 1.000000
] 
 
and its inverse is; 
(I – Qd)
-1
 =[
1.000000 0.987803
0.000000 1.000000
0.926188 0.896364
0.937624 0.907432
0.000000 0.000000
0.000000 0.000000
1.000000 0.967799
0.000000 1.000000
] 
The expected duration of study according to Beck and Pauker, 1983 is given by; 
(I - Qd)
-1
(1111)
T
 =    [
3.810354
2.845056
1.967799
1.000000
]         
This result gives the total expected duration in school till completion. From the result, the expected duration of 
study for a student in Forms 1, 2, 3 and 4 is 3.810354, 2.845056, 1.967799 and 1.00000 years respectively. 
4.7 The expected duration of study by sex 
Considering the fundamental matrix N for both cases, we can deduce the expected duration of schooling for 
either sex. The matrix as stated earlier gives the number of cycles that a subject resides in transient states before 
absorption, given a specified starting state. From the fundamental matrix N; 
N = I + Q + Q
2
 + … = (I-Q)-1;  
we get that N for male students; 
(I - Qm)
-1
 =[
1.000000 0.985565
0.00000 1.000000
0.932987 0.905783
0.946652 0.919050
0.000000 0.000000
0.000000 0.000000
1.000000 0.970842
0.000000 1.000000
] 
while that for female students is; 
(I - Qf )
-1
 =[
1.000000 0.990227
0.00000 1.000000
0.919824 0.887534
0.928902 0.896294
0.000000 0.000000
0.000000 0.000000
1.000000 0.964896
0.000000 1.000000
] 
The expected duration of schooling for male students is given by; 
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(I - Qm)
-1
(1111)
T
 =      [
3.824335
2.865702
1.970842
1.000000
]    
Similarly that for female students will be; 
(I - Qf )
-1
(1111)
T
 =     [
3.797585
2.825196
1.964896
1.000000
]    
This result gives the total expected duration in school till completion for either sex. From the result, the expected 
duration of study for a male student in Forms 1, 2, 3 and 4 is 3.824335, 2.865702, 1.970842 and 1.00000 years 
respectively while that for the female students in the same order is 3.797585, 2.825196, 1.964896 and 1.00000 
years. 
4.8 Absorbing rates 
In the long run, the absorbing rate under double absorbing states is given by; 
(I – Q)-1R  
and in this study the District absorbing rates were established to be; 
(I - Qd)
-1
Rd ==[
0.844158 0.155842
0.854581
0.911432
0.941758
0.145419
0.088568
0.058242
] 
From the result, it was established that in the long run, students who were in Forms 1, 2, 3 and 4, a maximum of 
15.5842%, 14.5419%, 8.8568% and 5.8242% respectively dropped out of the system without attaining maximum 
qualification. Also considering the same students in that order, a maximum of 84.4158%, 85.4581%, 91.1432% 
and 94.1758% respectively successfully graduated from the system. Incidentally, in the long run, the rates of 
completion of each form are the same as the absorbing rates because there was no repetition. 
4.9 Absorbing rates by sex 
The absorbing rate was also computed with respect to gender. In the long run, the absorbing rate under double 
absorbing states is as discussed earlier. The absorbing rates for the male students are given as; 
(I - Qm)
-1
Rm =[
0.865007 0.134993
0.877676
0.927137
0.954982
0.122324
0.072863
0.045018
] 
while that for female students was; 
(I - Qf )
-1
Rf =[
0.826824 0.173176
0.834985
0.898894
0.931597
0.165015
0.101106
0.068403
] 
From the result, it was established that in the long run, male students who were in Forms 1, 2, 3 and 4 in the year 
2011, a maximum of 13.4993%, 12.2324%, 7.2863% and 4.5018% respectively dropped out of the system 
without attaining maximum qualification while for the female students in the same order, 17.3176%, 16.5015%, 
10.1106% and 6.8403% respectively dropped out. Also considering the same students in that order, 86.5007%, 
87.7676%, 92.7137% and 95.4982% of male students successfully graduated from the system while 82.6824%, 
83.4985%, 89.8894% and 93.1597% of female students respectively graduated successfully from the system. 
These rates are the same as the proportions in the long run in Table III and IV in the Appendices below.  
4.10 Retention rates 
Retention rates can be determined from the transition probabilities. In this study, the retention rates for Forms 1, 
2, 3 and 4 was established to be 0.987803, 0.937624, 0.967799 and 0.941758 respectively. It can be seen that 
Form 1 had the highest retention rate while Form 2 had the lowest. The same was also determined by gender. 
Male student’s retention rates in the district were 0.985565, 0.946652, 0.970842 and 0.954982 for Forms 1, 2, 3 
and 4 respectively while that of female students were 0.990227, 0.928902, 0.964896 and 0.931597 in the same 
order. It can be deduced that the retention rate for female students in Form 1 is higher than that of male students. 
However, in Forms 2, 3 and 4 the rates were higher for male students. 
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4.11 Enrollment Projections 
Using the transition matrix and the completion rate model, it is possible to project the number of students in 
future though in a short period. For example the number of students in the year 2012, 2013, 2014,.. can be 
estimated using the transition matrix. Considering that for those in Form 1, the year 2011, only 0.9878030 
proceeded to Form 2 in the year 2012, and 0.9261880 are expected to proceed to Form 3 in the year 2013, 
0.8963640 are expected to proceed to form 4 in the year 2014 and finally only 0.8441580 are expected to 
graduate from the system successfully in the year 2015. This approach can be used to project enrollment in the 
district though in a short duration. To get the total number of students in the district in subsequent years, we need 
to know those who transit from primary to secondary in the district. This will be treated as inflows into the 
system but cannot be estimated by this model. Hence the short fall of the model. 
Therefore, the total District enrollment in the year 2013 will be given by the sum of those who join Form 1 the 
same year, 98.78030% of those in Form 1 the year 2012, 92.6188% of those in Form 2 the year 2012, 89.63640% 
of those in Form 3 the year 2012. 
 
5 Conclusion 
The following conclusions were drawn from the above analysis and discussions; 
 The completion rates for male students is higher than that of female students in Kisii Central District. 
 The expected duration of schooling is higher for male students compared to the female students. 
 Female students were found to have lower expectation of schooling than their male counterparts. 
 The dropout rates for female students is higher than that of male students in Kisii Central District. 
 The transition rate from Form 1 to Form 2 is higher for female students than that of male students. In all 
other Forms, transition rate for the male students is higher. 
 Form two has the least retention rate in the District. 
 The model can be used to project enrollment in the district though in a short duration. 
 In the long run, completion and dropout rates were found to be the same as the absorbing rates when 
repetition is not allowed. 
5.1 Recommendations 
From the above conclusions, the following recommendations were made; 
 Studies and sensitization should be done in Kisii Central District to increase the completion rates for 
female students. 
 Research should be done to determine the causes of the gender disparity in expectation of schooling in 
Kisii Central District 
 Research should be done to get into the root cause of female dropouts in Kisii Central District and 
recommend the way forward in order to reduce the gender parity in the district. 
 In a closed hierarchical system, Markov chain model can be used to study how the system progresses 
with time. 
 Considering the retention rates, research should be done to get into the insight of the reasons as to why 
there is a low retention rate in Form 2 in the District and the disparity in the same between the genders. 
 This model can only be used in a short period of time which is one of the weaknesses of the model. 
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Appendix: Tables 
Table I: Kisii Central District Secondary School Enrollment 2011/2012 
 
 
 
 
 
 
 
Source: Extracted from Kisii Central District Education Statistics Database 
 
Table II: Kisii Central District Secondary school completion rates within x years. 
Yrs(x) 
  
Form  1 Form  2 Form  3 Form  4 
Completion Drop  Completion Drop  Completion Drop  Completion drop 
1 0 0.012197 0 0.062376 0 0.032201 0.941758 0.058242 
2 0 0.073812 0 0.092568 0.911432 0.088568 0.941758 0.058242 
3 0 0.103636 0.854581 0.145419 0.911432 0.088568 0.941758 0.058242 
4 0.844158 0.155842 0.854581 0.145419 0.911432 0.088568 0.941758 0.058242 
5 0.844158 0.155842 0.854581 0.145419 0.911432 0.088568 0.941758 0.058242 
 
  
Class  Enrollment 2011 Proceeded to 2012 Dropped  
Male  Female  Total  Male  Female  Total  Male  Female  Total  
Form 1 2771 2558 5329 2731 2533 5264 40 25 65 
Form 2 2718 2813 5531 2573 2613 5186 145 200 345 
Form 3 3018 3162 6180 2930 3051 5981 88 111 199 
Form 4 1977 2573 4550 1888 2397 4285 89 176 265 
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Table III: Kisii Central District Female Students completion rates within x years. 
Year(x) Form  1 Form  2 Form   3 Form  4 
Completion  Dropouts Completion  Dropouts Completion  Dropouts Completion  Dropouts  
1 0 0.009773 0 0.071098 0 0.035104 0.931597 0.068403 
2 0 0.080176 0 0.103706 0.898894 0.101106 0.931597 0.068403 
3 0 0.112466 0.834985 0.165015 0.898894 0.101106 0.931597 0.068403 
4 0.826824 0.173176 0.834985 0.165015 0.898894 0.101106 0.931597 0.068403 
5 0.826824 0.173176 0.834985 0.165015 0.898894 0.101106 0.931597 0.068403 
 
Table IV: Kisii Central District Male students Completion Rates within x years. 
 Year(x) 
  
Form 1 Form 2 Form 3 Form 4 
Completion   Dropouts Completion  Dropouts Completion  Dropouts Completion  Dropouts  
1 0 0.014435 0 0.053348 0 0.029158 0.954982 0.045018 
2 0 0.067013 0 0.080950 0.927137 0.072863 0.954982 0.045018 
3 0 0.094217 0.877676 0.122324 0.927137 0.072863 0.954982 0.045018 
4 0.865007 0.134993 0.877676 0.122324 0.927137 0.072863 0.954982 0.045018 
5 0.865007 0.134993 0.877676 0.122324 0.927137 0.072863 0.954982 0.045018 
 
